Introduction
Radio sounding balloons are the most commonly used observing system to systematically gather in situ data on the middle atmosphere. The system provides vertical profiles of wind and temperature at high spatial but low time resolutions. (In general, soundings are only made twice daily.) The distribution of radiosonde stations, however, is relatively sparse and features with strong horizontal gradients cannot be resolved. This is an important shortcoming, particularly since recent studies have emphasized the high dynamical relevance of strong gradients of Ertel's potential vorticity on isentropic surfaces [Mcintyre andPalmer, 1984 
Overview of the Ecuador Campaign
The CNES Strat•ole balloon is a 1 O-m-diameter SPB with a 50-/•m-thick envelope made ofbilaminated polyester film. Helium is used as the lifting gas. Once at its drifting level, the SPB lifetime is limited only by helium effusion through the envelope or by loss through microleaks. For a 2-monthduration flight, the equivalent leak diameter must not exceed a few tenths of millimeters. The gondola consists of polystyrene tubes covered with aluminized polyester that allows the thermal conditioning of different elements. The energy for onboard instrumentation is provided by lithim batteries. For a nominal flight level around 50 hPa the balloon can carry a 20 kg weight. Six Strat6ole SPBs (SPB 1-SPB6) were released during the Julian days in 1998.
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Ecuador campaign. The basic instruments in the gondolas were two temperature sensors, a pressure sensor, a GPS receiver, and an ARGOS transmitter. The helium temperature and pressure were also monitored. All measurements were made every 12 min. Only three flights lasted for more than few days: SPB 1, SPB2, and SPB5 launched August 25, and September 1 and 7, 1998, respectively. The characteristics of these flights are summarized in Table 1 . Note that SPB5 had a heavier gondola, a lower drifting level (600 m), and a slower speed than SPB 1 and SPB2. Concerning the other SPBs, the gondola of SPB3 was too heavy, which induced an excessive discrete load and caused the balloon to explode as it reached drifting level. SPB4 was lost due to failure of the electrical power system of the gondola, but the balloon behavior was nominal for 4 days after the launch. SPB6, another attempt with heavy payload, was lost in less than 1 day due to leaks in the envelope. More details on the campaign are given by Dubourg et al. [1999] . The absolute and relative accuracy of the pressure sensor used in the Ecuador campaign are about 1 hPa and 0.1 hPa respectively. Thus pressure variations can be used to gain insight into the vertical motions of air parcels around the gondola. This method should be applied with caution to SPB5, since pressure fluctuations for this balloon were overestimated due to a calibration problem. On the other hand, the errors in GPS positioning are estimated to be 100 m in both vertical and horizontal directions.
The daytime temperatures obtained by the atmospheric sensors are not reliable because the sensors themselves were exposed to absorption of solar radiation. Furthermore the sensors were too close to the gondola and could be from time to time in its wake. Thus only the nighttime air temperature data are used in the present analysis.
The first step in the data analysis was quality control. Spurious data resulted, in most cases, from problems during the data transmission or reception via the Argos satellites. The criteria for rejection was based on a close inspection of the consistency with values at nearby locations. Vertical position and temperature measurements were too noisy to serve as selection criteria. Missing data points (either not received by the Argos ground stations or eliminated during the quality-control process) were obtained by interpolation using the method of cubic splines. They represented nearly 15% of the total amount of data, of which 65% were isolated cases. Our procedure for filling data gaps is therefore not expected to produce systematic errors. 
Balloon Trajectories
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(1) As stated earlier, changes in superpressure have small consequences. One notable exception to this systematic behavior, however, was found on September 8 (day 251), when SPB 1 was northeast of Borneo passing above a very cold convective system. The strong nighttime cooling of the balloon envelope and helium were not compensated by the weak infrared emission from below. As a consequence, the helium temperature greatly decreased, pressure inside the envelope became eventually smaller than the atmospheric pressure, and the balloon shrunk and dropped around 1.5 Ion for about 4 hours. When the Sun rose again, the helium warmed and the balloon climbed back to its nominal drifting level. SPB 1 (as well as SPB2 and SPBS) finally collapsed during the night above similar very cold cloud systems. The data gathered during day 251 will be considered separately in the following because the large vertical excursion of the balloon could contaminate other signals. On the other hand, the analyses do not allow us to uniquely determine the planetary wave parameters w and s.
Ancillary Data Sets
A large number of balloons drifting simultaneously would certainly allow to fully document the wind field. For instance, Desbois [ 1975] has shown that it was possible to infer the characteristics of planetary waves in the upper troposphere with the •ole data set. However, in this study we only dispose of three balloons. Therefore in this section, we appeal to other observational data sets to gain further insight into the equatorial planetary waves during the flights of SPB 1, SPB2, and SPB5. The data sets selected are routine radio soundings, made at stations close to the equator, and the global analyses made at the ECMWF.
Radiosondes
We use twice-daily radiosonde data to obtain an estimate of frequencies and length scales of disturbances in the lower stratosphere during the Ecuador campaign. The data correspond to six stations: Singapore (1.4øN, 104øE), Kuching  (1.5øN, 110.3øE), Rochambeau (4.8øN, 52.4øW) , Surabaya (7.4øS, 112.8øE), Palu (0.?øS, 119øE), and Marquises Islands (9.8øS, 139øW). Since the SPBs drifted at about 60 hPa, we restrict our analysis to the nearest standard levels These characteristics agree with the notion that the 4-day wave with zonal wave number 4 corresponds to the mixed Rossby-gravity wave, which was described for the first time by Yanai and Maruyama [ 1966] . They also suggest that the 1 O-day wave with zonal wave number 1 corresponds to the Kelvin wave described by Wallace and Kousky [1968] .
We can now use equation (8) (13) and (14) obtained using the fourth-order Runge-Kutta integration scheme. We will refer to these solutions as the trajectories of"Balloons" 1, 2, and 3. Initially, Balloons ! and 2 are at the equator, while Balloon 3 is at 10 ø N.
Depending on the wave phase at the initial time, the trajectories initiated at the equator either cross it during the simulation (Balloon 1) or remain to one side of it (Balloon 2). Balloon 3, which was launched at ! 0 ø N, does not find large enough meridional wind to cross the equator. It indeed feels larger zonal-wind disturbances than meridional ones.
The variations with time of the zonal and meridional velocity components along the idealized trajectories are shown in Figure 11 . As expected, the meridional wind exhibits oscillations with periods close to 6 days (i.e., the intrinsic period of the Rossby-gravity wave). The zonal wind fluctuations are, however, quite different for each case. In particular, Balloon 1 exhibits higher-frequency oscillations that are also captured by Balloon 2, though to a weaker extent, and which are missed by Balloon 3. This behavior is due to the antisymmetric structure about the equator of the zonal wind induced by Rossby-gravity waves. Thus when Balloon 1 crosses the equator, the zonal wind exhibits a phase jump of half a period, which is responsible for the higher-frequency 
ECMWF Analysis
In this section we examine the analysis fields produced during the Ecuador campaign by ECMWF. This is done for two reasons. First, analysis fields can provide a more global picture of the circulation in the equatorial lower stratosphere. Second, in situ SPB data can provide an analysis validation in the poorly sampled equatorial stratosphere. The ECMWF fields are available every 6 hours (0000, 0600, 1200, 1800 UT) on a 1.125øx 1.1250 horizomal grid. There are 31 levels in the vertical, six of which are in the equatorial stratosphere, and the vertical resolution near the SPB drifting level is roughly of 2 km. We used cubic splines in time and space to interpolate the analysis fields to the SPB positions.
A comparison between the horizontal wind components and the temperature from SPB 1 and the ECMWF analysis is The power spectra of the SPB2 horizontal wind is consistent with a scenario in which, at periods longer than 10 days, the lower stratospheric dynamics is dominated by the QBO and by long-period Kelvin waves. However, the decrease of the pressure spectral power at these low frequencies for this flight suggests that such long-period Kelvin waves had a weak amplitude during the study period. Note however, that the technique used to compute the spectra may artificially reduce the amplitude of the first 2 or 3 spectral points.
Higher-Frequency Oscillations
Periodic signal with intrinsic periods between 2 and 4 days were also found on the meridional wind estimated by the SPBs. At the latitudes where they have been reported, those waves have little (or even no) signature in the zonal wind and pressure. These waves are thus most probably induced by higher-frequency Rossby-gravity or higher-order Rossby modes. The radio sounding frequency (twice daily at best) did not allow us to clearly identify those high-frequency waves in the analysis made in section 5.1.
Some of these oscillations were captured by two balloons at the same time but at geographically different locations. For instance, the 2-day signal is visible on the SPB2 and SPB5 wavelet analyses around day 271, when the former was over western Africa-eastern Atlantic, and the latter over the western Pacific. We tentatively identify this signal as the "quasi-2-day" Rossby-gravity wave with zonal wave number 3 discussed by, for example, Salby [1981] and Rodgers and Pratta [ 1981 ] .
Final Remarks
We have analyzed the data set provided by three superpressure balloons drifting in the lower stratosphere after their The balloon volume (and thus the drifting level) is controlled by the superpressure (See equation (3) ). The helium pressure (and temperature) inside the envelope is primarily determined by the envelope temperature. Thus absorption of solar radiation by the envelope during daytime leads to helium warming, balloon expansion, and increase of the drifting level. Most of the absorption bands of the material that forms the envelope are, however, in the infrared. Therefore the superpressure can also change due to changes in impinging long-wave radiation (such as the passage of the balloon over very cold superclusters). Second, the superpressure may also change due to atmospheric pressure variations on an isopycnic surface (if, for instance, the balloon encounters a disturbance). Thus balloon motions are not truly isopycnic. Nevertheless, the departures from a pure isopycnic behavior is quite small, as we show in this appendix.
Laboratory Finally, we note that the correction given by equation (B5) is not sufficient for SPB5. It appears that the atmospheric pressure sensor of this balloon was not well calibrated, which induced it to overestimate the pressure changes during day/ night transitions (i.e., when the temperature of the sensor itself exhibits large changes).
